Plain Language Summary {#S0001}
======================

Keratoconus is a progressive, non-inflammatory thinning of the cornea that causes the cornea to curve, usually at its centre, into the shape of a cone. Currently, there is only one treatment for disease progression is the corneal crosslinking, which makes the cornea more rigid in order to slow or stop the development of the cone shape. The procedure consists of removing the first layer of the cornea (Epi-off), followed by the instillation of riboflavin, a substance derived from vitamin B12, and the application of ultraviolet A radiation at surgical room. The time of exposure to radiation may vary, and the shortest time without loss of efficacy is desirable, with less complication as possible. We present a study that compares the efficacy of 2 irradiation times: 30 minutes, ie, the standard Dresden protocol, and 10 minutes, ie, the Accelerated protocol. If the efficacy is similar, the Accelerated protocol is more comfortable and potentially causes fewer side effects for the patient.

Introduction {#S0002}
============

Keratoconus is an ectasia of the cornea that progresses without inflammation but with irregular bilateral astigmatism and visual acuity impairment and had an estimated prevalence of 54.5 per 100,000 inhabitants in 1988.[@CIT0001] A more recent study carried out in the National Patient Register of Denmark, from 1977 to 2015, showed the prevalence of 44 per 100,000 persons.[@CIT0002] However, a multicentre study in Riyad, Saudi Arabia, with patients aged 6 to 21 years, found a prevalence of 4.79% or 1:21 patients.[@CIT0003]

In general, keratoconus manifests in early puberty and progresses until the third and fourth decades of life, with progressive thinning and ectatic protrusion of the cornea in the shape of a cone.[@CIT0004] The physiopathology of corneal steepening is still unknown, but it is assumed that repetitive trauma, such as eye scratching, combined with abnormalities in the corneal connective tissue contribute to the progression of the disease.[@CIT0005] ABCD classification is used to stage keratoconus from 0 to IV according to progression based on the posterior and anterior corneal curvature, corneal thickness, best corrected visual acuity and corneal scars.[@CIT0006]

Although there have been advances in knowledge, the aetiology of keratoconus has not yet been elucidated. Regarding the genetic aetiology, there seems to be no clear relationship because only approximately 10% of carriers have a positive familial history of the disease.[@CIT0007]

Early progressive keratoconus can be corrected with glasses, moderate cases can be corrected with rigid gas permeable (RGP) contact lenses, and more advanced cases can be corrected with lenses with specific designs. If visual acuity is not good, surgical treatment is indicated, such intracorneal ring implantation. In cases of proven progressive disease, corneal crosslinking treatment is indicated.[@CIT0008]

For a long time, corneal transplantation was the best solution for advanced keratoconus without the possibility of adaptation to rigid lenses. However, due to the delay in obtaining a compatible cornea for transplantation, treatment was delayed for many patients, impairing their quality of life and that of their families.[@CIT0009]

The most recent discovery for the treatment of progressive keratoconus was corneal crosslinking (CXL), which, in biological terms, stimulates the formation of new covalent bonds between the collagen fibres of the cornea, making the cornea more stable; thus, there is a lower tendency for thinning and steepening.[@CIT0005] The indication for corneal crosslinking, regarding keratoconus, is stop the progression of the corneal ectasia or stop the steepening of the cornea.

There are some protocols currently available for CXL that differ with respect to the time and intensity of ultraviolet A (UVA) light irradiation. In the Dresden (or standard) protocol, the patient is subjected to UVA irradiation of 3 mW/cm^2^ for 30 minutes. However, this method can cause progressive flattening, haze and infiltrates.[@CIT0005] Therefore, other protocols are being used, called Accelerated CXL, with shorter durations and irradiation intensities ranging from 9 minutes with 10 mW/cm^2^ to 15 minutes with 7 mW/cm^2^, among others, and variable results have been obtained.[@CIT0008]

Recent studies have concluded that the results of the standard and accelerated protocols are similar, including in children, although the results may vary considering irradiance, time and age, indicating the need for further studies to confirm the efficacy of the Accelerated protocol.[@CIT0010],[@CIT0011] The objective of this study was to determine whether Accelerated CXL with UVA irradiation of 9 mW/cm^2^ for 10 minutes is as effective as standard CXL with UVA irradiation of 3 mW/cm^2^ for 30 minutes in controlling the progression of keratoconus.

Patients and Methods {#S0003}
====================

A retrospective study was conducted with data collected from 82 eyes of 62 patients with a mean age of 22.16 years, 40 men and 22 women, who were subjected to Accelerated CXL and standard CXL. Two groups were established: group 1 included 39 eyes of patients who underwent standard CXL with UVA irradiation of 3 mW/cm^2^ applied for 30 minutes; group 2 included 32 eyes of patients who underwent Accelerated CXL with UVA irradiation of 9 mW/cm^2^ for 10 minutes.

The inclusion criteria were patients with progressive keratoconus and a minimal corneal thickness of 450 microns. We included patients who had at least 0.75 D progressive steepening of the anterior corneal surface associated with progressive steepening of the posterior corneal surface, in two consecutive exams at least 6 months apart.[@CIT0011],[@CIT0012]

The exclusion criteria were patients with a corneal thickness of less than 450 microns, those previously treated (CXL or ring implant) and those who did not complete the minimum follow-up of 6 months. Keratometry measurements were obtained using a WaveLight Topolyzer topographic system.

A pachymetry map was obtained in the preoperative period via corneal tomography performed with a Scheimpflug camera (Pentacam, Oculus) with the sole aim of determining the minimum treatable thickness of 450 microns. Data and keratometry measurements of patients from both groups were collected preoperatively and at least 6 months after the surgical procedure.

The procedure conducted using the standard CXL protocol is described below: Instillation of 1% pilocarpine eye drops 30 minutes before the procedure, twice;In the operating room, under aseptic conditions, the patient is laid on her back;Administration of topical anaesthesia, such as 1% tetracaine hydrochloride with 0.1% phenylephrine hydrochloride;Asepsis of the skin around the eye with iodine antiseptic, twice;Application of 5% polyvidone iodine and anaesthetic (1% tetracaine hydrochloride with 0.1% phenylephrine hydrochloride) 5 minutes before and immediately before the procedure;Placement of a sterile disposable drape;Insertion of a speculum to keep the eye open;Delimitation of the central 9.0 mm of the cornea with a circular corneal marker;Removal of the central 8 mm of the corneal epithelium by debridement. Verification of the minimal corneal thickness of 400 microns using a portable pachymeter. Application of 400 osmol riboflavin with 1% methylcellulose every 3 minutes for 30 minutes;Corneal irradiation with a 370-nm UVA light at an irradiance of 3 mW/cm^2^ (5.4 J/cm^2^ surface dose) and a distance of 4.5 cm for 30 minutes, application using an Opto X-link (Opto, Brazil) device;During irradiation, 400 osmol riboflavin is applied to the cornea every 5 minutes, adding topical anaesthesia (1% tetracaine hydrochloride with 0.1% phenylephrine hydrochloride) if necessary; andAt the end of irradiation, a soft contact lens bandage is placed and maintained until complete re-epithelialization.

In the Accelerated CXL protocol, the same surgical technique was performed but with the irradiance increased from 3 mW/cm^2^ to 9 mW/cm^2^ (5.4 J/cm^2^ surface dose) and the time of UVA irradiation decreased from 30 minutes to 10 minutes.

The principles of the Declaration of Helsinki were followed, and approval was obtained from the Research Ethics Committee of University of the West of Santa Catarina (Universidade do Oeste de Santa Catarina -- UNOESC) under number 2,684,055. Patient consent to review their medical records was not necessary because the confidentiality of patient data was guaranteed.

Results {#S0004}
=======

The keratometry measurements performed before surgery for the group subjected to standard CXL (group 1) were 46.27 dioptres (D) (± 4.30 D standard deviation (SD)) in the flat axis (K1) and 48.93 D (± 4.8 D SD) in the steep axis (K2). In the postoperative period, K1 and K2 were 46.21 D (± 4.89 D SD) and 48.97 D (± 5.59 D SD), respectively; these differences were not statistically significant (p = 0.47 and p = 0.48, respectively).

For the Accelerated protocol (group 2), the keratometry measurements obtained before surgery were 44.55 D (± 2.91 D SD) in K1 and 46.19 D (± 3.43 D SD) in K2. In the postoperative period, K1 and K2 were 43.37 D (± 2.50 D SD) and 46.64 D (± 3.21 D SD), and the differences were not statistical significant (p = 0.38 and p = 0.27, respectively).

In the preoperative period, the mean maximum keratometry (Kmax) in the standard group (group 1) was 55.87 D (± 7.85 D SD) and 56.69 D (± 8.55 D SD). This difference was not statistically significant (p = 0.29). For the Accelerated group, in the preoperative period, the mean Kmax (group 2) was 51.15 D (± 5.36 D SD), and in the postoperative period, the mean Kmax was 51.66 D (± 5.54 D SD), with no statistically significant difference (p = 0.32). The results are shown in [Table 1](#T0001){ref-type="table"}.Table 1Keratometry Measurements of the Eyes Subjected to the 2 ProtocolsProtocol and GroupPreoperative (In Dioptres)Postoperative (In Dioptres) 6 Months or More*p*Standard CXL K1 and K2 (group 1)46.27 x 48.9346.21 x 48.970.47ACCELERATED CXL K1 and K2 (group 2)44.55 x 46.1944.37 x 46.640.27Standard CXL Kmax (group 1)55.8756.690.29ACCELERATED CXL Kmax (group 2)51.1551.660.32

Discussion {#S0005}
==========

The main objective of corneal CXL is to stabilize the progression of keratoconus by stopping the progressive steepening and thinning of the cornea. Thus, an excellent parameter for determining treatment efficacy is keratometry measurements obtained with Placido rings to determine the topography, providing a more accurate reading of corneal topography compared to that determined via tomographic methods that simulate corneal topography measurements. For this reason, we prefer these measurements over Scheimpflug tomography. In our study, a Pentacam camera was used only to obtain a preoperative pachymetry map.

Because of the frequent side effects associated with the standard technique, new protocols are needed.[@CIT0005] Line of sight loss, haze and progressive flattening are already well defined in research studies. Thus, we opted to adhere to pre- and postoperative keratometry measurements without studying other effects.

The keratometry measurements of the flat axis and steep axis were reduced after surgery in the group subjected to standard CXL ([Table 1](#T0001){ref-type="table"}). These differences were not statistically significant (p = 0.47 and p = 0.48, respectively). The mean Kmax also decreased after surgery in this group, but the difference was not statistically significant (p = 0.29). These findings confirm the efficacy of the standard protocol for maintaining disease stability during the follow-up period in the patients included in our study.

One study showed that the standard protocol with a 12-month follow-up after surgery resulted in a statistically significant Kmax reduction from 49.19 to 46.96 D (p \< 0.05).[@CIT0012] A similar result was obtained in another study that used the standard CXL protocol with 3 mW/cm^2^ for 30 minutes, obtaining a statistically significant reduction in Kmax (p = 0.003).[@CIT0013] The present study obtained a smaller, statistically nonsignificant reduction, ranging from 55.87 D to 56.69 D (p = 0.29), with standard CXL. However, using the Dresden protocol, the curvature of the cornea stabilized, and keratoconus progression stopped.

In the long term, standard CXL provides good results and reduces the Kmax. Using standard CXL, Iqbal et al[@CIT0014] reduced keratoconus, with the Kmax varying from 51.95 to 50.19 (p = 0.0001) over a period of 5 years. In a study by Ghanem et al,[@CIT0015] also with standard CXL, the reduction in Kmax after 2 years was statistically significant (p \< 0.001). In our study, stabilization occurred, but the results were not statistically significant, perhaps due to the shorter follow-up period (6 months). The results obtained by Madeira et al[@CIT0010] were also statistically not significant over a follow-up period of 12 months.

The Accelerated CXL (9 mW/cm^2^) used in the study by Khairy et al[@CIT0012] showed no significant difference (p = 0.388) in Kmax at a follow-up of approximately 14 months. This result is consistent with the results of our study because a statistically nonsignificant result was obtained using the same curved axis keratometry (Kmax) using the same Accelerated CXL protocol.

All postoperative keratometry measurements ([Table 1](#T0001){ref-type="table"}) in the Accelerated CXL group also decreased during the course of our study. These differences were not significant (p = 0.38 on the flat axis and p = 0.27 on the steep axis). The Kmax also decreased in the postoperative period in the Accelerated CXL group, but this difference was not significant (p = 0.32), thus demonstrating that Accelerated CXL was also effective in maintaining disease stability during the follow-up period of our study. Based on these data, both methods can be considered effective for treating the disease.

In search of alternatives, Mita et al[@CIT0016] used 3 minutes of 30 mW/cm^2^ UVA irradiation, obtaining satisfactory results regarding keratometry measurements, with the Kmax ranging from 49.95 in the preoperative period to 49.19 after 6 months; this difference was statistically significant (p \< 0.05). In the present study, with Accelerated CXL for 10 minutes with 9 mWcm^2^ UVA irradiation, there was a reduction in the Kmax from 55.87 to 56.69, without statistical significance.

In the study by Alnawaiseh et al,[@CIT0017] an accelerated CXL protocol involving 18 mW/cm^2^ UVA irradiation for 5 minutes interrupted keratoconus progression at 21.7 months of follow-up after surgery, with a statistically significant reduction in Kmax (p = 0.018). The present study (Accelerated CXL) used a 10-minute protocol with 9 mW/cm^2^ UVA irradiation and obtained topographic stabilization or reduced the Kmax, but the difference was not significant.

According to Lang et al,[@CIT0018] standard CXL (3 mW/cm^2^ for 30 minutes), performed in 35 eyes of 26 patients with a 12-month follow-up, achieved stabilization in 97.1% of the patients based on Kmax, demonstrating that the procedure effectively stabilized the curvature of the cornea.[@CIT0016] In turn, the Accelerated protocol (9 mW/cm^2^ for 10 minutes) obtained a corneal stability index of 93.10%. Analysing the results from protocols used in the study by Lang et al[@CIT0018] and in our study, we can conclude that both stabilized or reduced the keratometry values and that this parameter is adequate for demonstrating the efficacy of the Accelerated and standard protocols.

A study conducted by Nicula et al[@CIT0011] concluded that after a 4-year follow-up, standard CXL reduced K1 from 47.41 D to 45.36 D (p = 0.004) and K2 from 51.98 D to 50.21 D (p = 0.0078), thus significantly contributing to the stabilization of keratoconus. In the Accelerated CXL protocol with 9 mW/cm^2^ UVA irradiation for 10 minutes, there was also a reduction in K1 values, which decreased from 46.97 D to 44.96 D (p = 0.0048), and in K2 values, which decreased from 50.55 D to 48.75 D (p = 0.0287).

The Accelerated CXL procedure is relatively new in ophthalmology. Therefore, a greater number of studies must be performed including biomechanical aspects, with a longer follow-up time because safety, speed and comfort for patients are essential requirements in the path towards a standardized procedure to stop keratoconus progression, minimizing complications.[@CIT0015],[@CIT0019]

Conclusions {#S0006}
===========

The results of this study allow concluding that according to the keratometry measurements obtained in the 6-month period, Accelerated CXL for 10 minutes is as effective as standard CXL for keratoconus stabilization in this period with our patients. Complications associated with standard CXL, such as corneal haze, progressive flattening and the presence of infiltrates justify the search for alternative methods to reduce the negative effects of the procedure and thus benefit future patients. The main limitation of our study is the follow-up time. Studies with a greater number of patients and longer observation times are necessary to confirm the efficacy of Accelerated CXL and decrease the side effects of standard CXL.
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CXL, crosslinking; Accelerated CXL, accelerated crosslinking for 10 minutes; K1, flat axis keratometry; K2, steep axis keratometry; Kmax, mean maximum keratometry; Kmin, mean minimum keratometry; UVA, ultraviolet A.
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